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AB';TPACT

The serologcal., biochemical and onzymic specificities of
shigella associated with virulence were sought after in conjunction
with the ability to induce changes in the ligated intestinal loop
of rabbits. The lactose or sucrose nositive shipella were isolated
from patients an4 the correlaticn of the ability to ferment lactose
and sucrose and the -ibilitv to induce chances in the loop were ex-
a-ined. The abilityv to ferment Iqctose seems to associated with
virulence but antigens seens more closely associated with virulence.
The ability to azglutinated bv acid "hich was said to be associated
with virulence was not associnted ,'ith the ability to induce changes.
The patholoiical ch~nges di- not as'ociatei with the number of
shigella recovered after 24 hours of inoculation, if the number was
exceeded 108. Shigella wns nutatpd to non-viviinent mutants several
hours after inooulniion And some ot shicella recombined with resident-
ial organisms and became lactose positive or shiqelA without shigella
antigens. These organisms had weAker ability to induce c1anves. But
on the other hand, there were residential organisms which enhanced
the patholo.-ical changes in the loop.
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1 . PURPOS¾ 0 IT P':SP1ARCP.

Dysentery is still a very important disease throughout the world,
Thiz ia especially true in the underdeveloiDina countries and in •l*ces
where a group op people live closelv tocether. The use of antibiotics
in the treatment of this rlisease has certainly lowered the death rate,
but with the developmeny of resistant mutants, the treatment and con-
trol of this disease are becominm more complicated. Therefore, an
effective preventive weasure is necessary for the control of this

It wigs unfortlinate that tý,e investigations in this field were handi-
capped by the unsuccessful animal experiments. A few years ago, Formal
et al succeeded in infectinv guinea pies by oral administration of
KEi~ella species following pretreatment of the animals with carbon
tetrachloride. However, animals infected by this method still died

Sfrom septicaeria, and, by this method alone we cannot expect eo solve
the problem of dysentery. More recently Formal et al and Imaizumi
et al succeeded in infecting monkeys by oral adm'lni--r&.tion of skigella.
Mo•,A-ys thus infected Thc,,: th- typical Ivsenterv smptoms and the pa-
t0ological changes. But monkeys are too expensive to use for analytic-
al study of Ivsenterv infection.

By the use of a modified tcchnique of the ligated intestinal loop
method, which was first developed and tried by De on Vibrio cholera,
we secceeded in producint patholo-ical. chanwes of the loop by intro-
duction of Shigplla snecies. Histolo'ically these changes are in
anelovy to *hat of human dvsenterv. Thnrefore, we think this method
is best suited for use in the analytica2 study.

The purpose of the research is to determir.e the serological, bio-
logical and enzymatic specificities of 8hipelia species as well as
the factors influencin!T the infection, such as mutation of organisms,
in conjunction with the patholo,'ica2 changes induced in the loop.

2. THE METROD 0 PREPAIRTNG THg LIOA'El) IPfTES7TAL LOOP.

Rabbits are starved for 24 hours before operation. The animals
are then aesthetized with Sodium tCiiopental and an incision is made
at the center of the abdomen. The small intestine is brought out to
the operational field and lipated at two places; the length will be
determined by the number of loops required for the experiment. The
rumen of the loop is washed with sterile saline, and holes, which
are opened by the insertion of a needle and a glass tube for waa~ing,
are closed by ligation. Then the portion of the loop near the ligated
holes are separated by libation. Tho to four loops are made from
this washed loop, each havinr a lenoth of about 12 cm, and the organ-
isms to be eia-ined are injected with the aid of a syringe into each
loop. The portion of the loop There injection is made is separated
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by ligation. Loops will be replaced in t' eir original site and
abdomen closed.

ThiZý cmlified technicaue -] -lffternt fro- the original De's tech-

nique in two points. The first is that the inside of the loop is
washed ;',ith saline, so that týe contents of the loop including normal
flora are washed out and the orgarnisvcs introduced will have better
chance of proliferation and infacti-in. The second is that the port-
ions of the loop wihich received injuries either by incision or by
insert .on of needle are separated b'i another ligation, so that the
non-specific inflamations caused by the injuries of the loop are elimi-
nated.

Rabbits are sacrificed after 24 ),ours of operation and any macro-
scopic chani'es occurinT at tne ]lops are recorded. The fluil t',hieh
accumulated in the loop is dra...n out aseptically 'jith syringe and exam-
ined for its charactcr and alý.o p1a0ed on agar plates for viable count.
The loops are then excised for hisflloaical examinations. The dezree
of the chaniee of the loop is recorded as follows'

+',i= Macroccopicali: t-c loop is swollen to its maximum, with
or without reddenincý by capillary expansion. The charact-
er of the fluid inside the loop is mostly pus with or with-
out blood. Histologicalyy epithel cells are destroyed
and it is almost inpossible to differentiate mucosa from
submucosa ',ecause of a stronz bleeding. Epitt'el cells,
blood and cells fromr infiltration are becos1ine the exu-
date of the rumen.

++= The loop is swollen altost to its maxi.-um with or without
capillary expansion. Fluid of the loop consists of pus
and serous fluid without blood. The hirht of lamina pro-
pria is verv low. epi.t el is destroyed in sorne part Pnd
the order of the cells is inreqular. 'lucosa and submucoss
are swollen by oede-Ta qrd cell infiltration is prominent.
Partial bloolinT presert.

+= The loop is swollen Ail-tout canillarv eran'-.ion. Fluid
of the loop contains a litfle pus. Fyrithel cells are
a little out of order. In ]9mina nronria and i.n submucose
infiltration of the cells are se-n.

-= No macroscopic and -icroscopic c0-anre is seen.

3. EXA'-INATI'1N Or SPECTFIC rWAPACTY t' '21T ',EIYA ) IPS
CORRELATION rO Ttir! ATIIY '0 TIV:g C)' AV Ip" T*T' Lr')P.

It is well kno,.n that the organisms isolate] frowr patients are
rich in type-specific antigrens, ani it is also said that tke newly
isolated organisrs have a stroni alutinabilitv to acid at around I
pH 2.95. Organisms which have such characte;.Lstics are said to have
strong virulen-e to mice, :'hich imply that these characters are the
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necessary factors for infeci'n and the cause of Ivaentery in man.
Therefure, we examircC tý', nbilitv o tieqe e Aret#rM to induce
changes in the loop and alzo sought for other factors of the organisms
in conjunction with the abil.itv to induce changes in the loop.

a. Isolation of or~aniscs.

Stool specimen of the patients Aiafnosed as dysentery were colleut-
ed fro% the Toshima and EbAra ý'uniciral Hospital in Tokyo end streaked
on SS asar and BTB lactose plAtes. Plates were incubated for 16-24
hours at 37C, then ten (10) ench of lactose negative and positive colo-
nies were isolated. Strains thus iol.ted -ere numbered and stored
in semi-solid media and used throu.hout the experiments.

b. Biochemical and serological examinations.

(1) Biochemical reactions.

Fermentation of lactose, sucrose, arsbinose, rhamnose, raffi-
nose, mannitol, dulcitol, adonifol, inositil, 3orbitol, and salicin
was examined. Most of strains showed tvpical fermentation reactions
but some of them showed atypical reacticns. Eight (8) out of 222
strains examined fermented lactose after 3 to 7 days incubation, and
twenty eixht (28) strains ferwented sucrosl. These strains do not
belonp to shigella according to th. definition, but, because these
strains were isolated from typical dvsentery cases and except lactose
and sucrose fermentation those strains showed the same biochemical
and serological reactions as shiqella, and also because it is possible
to induce lactose and sucrose fer'm'entation abilitv to shigella from
E. coli by genetic recombination, we included those strains for further
studies as a mutant of ship-ell.a.

(2) Serolof'ical reactions.

r" Using tvpe-specific qnd Proup sera, we typed the 222 strains.
The sero-type of strains is as follows: I

SNumber of Number of
Cultures Cultures

Sh. flexneri la 3 Sh. flexneri 4 7

lb 10 var. X 2

2a 56 var. Y 5

2b 25 Sh. sonnei I 55

3a 59

3C

i3



All of the strains Bhow,'i 4-pico1 serolo.Ical re•ctions and the diatri-
bution of tbe zerc-tvpý,s wp R!,ort t111 rq-" ml thn+ nf "f.-%rt4 by
others in Jar-n.

(3) Acid-asrlutination reeetiot.

Acid ag-lutination reaction was cirried out using Michoelis'
lactic acid buffer solution. Preparation method trd pH used for the
experiments are shown below.

(a) Presrarnion -ethod and pH.

Tube No.

1 2 5 4 5 6

1N. NaOH (ml) 5 5 5 5 5 5

1 N. Lactic acid (ml) 7.5 10 15 25 45 85

Distilled water (ml) Q7.5 85 80 70 50 10

PH 4.15 3.85 3.55 3.23 2.95 2.65

(b) Method of acid-a".lutination.

A strain to be tested was cultured on nutrient agar plate
and incubated at 37C for 18 hours. Or-,-nisis were harvested and sus-
pended in distilled water, so as to the suspension contains about
6xlO organis-s per ml. One ml each of the suspension was added to
each tubes containing two (Q) ml of buffer solution of various pH.
Tubes were incubated at 37C for 2 hours, then examined -hether organ-
isms were agglutinated or not. Pesults were recorded as follows:

+++= All of the orpanis-s were alTlutinated and supernatant clear.

÷+= 50-906 of the orgarisms were ap-lutinated.
+= Weak axglutination.
d.= Very weak a,1lutiration.
-= No aalutination.

(c) Result.

Eirht (8) out of 91 Sh. f)exneri strains tested showed
+++ reaction in one or more tubes. T-.entv (20) strains showed , + react-
ions, 18 strains showed + reaction, ana 45 strains showed - reaction.
Ratio of acid-agqlutination positive strains aiono nerly isolatedstrains was 50.5`6, and this does not agree with the report of Anzai

et al vho has reported that -ore than A of the ne7'lv isolated strains
were amglutinated by acid. Moreover, in our experiment agglutination
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(• occured at several pH qnd there was no difference in its degree of
agwlutination between tubes. This also does not agree with Anzai's
which stated that the agglutination occured strongly at pit 2.95.
One of the conditions which diffor from Anzai's experiment was the
resistance of tho organisms against antibiotics. rifty (50) per cent
of the organisms no'- isoloteO from patients are resistant to anti-
biotics of some kind -hile the resistant organisms occupied only a
minor part several years aFo. Therefore, we investigated the corre-lation of antibiotic resistance and acid-arclutination ability, but|

we could not fin4 any correlation.

c. Correlation of biochemical and seroloTical characteristics
to Induce changes in th loop.

(1) Correlation of biochediceal characteristics and the
;Mhoo~iggcl changes.

We examined the sbilit-r of lactose positive shigella to induce
changes in the loop. Of P. lactose positive saralns, 1 strain shoved
positive patholoaical chonres, "-hile remeinins 7 strains showed no
change. (Table 1)

Formal et al reported that bher lac locus was introduced in
shigella from Eý-.coli, the ability to cause dysentery in animals was
lost. In our recombination experi-ents too, the ability to induce
changes in the loop was lost "jhen lac locus was introduced into shigella,
but in those cases the tvoe-specific antioens were also lost and we
could not decide ,fhether the loss of nnthomericity wac associated
with the introduction of lIc locus or chanje in type-specific antigens.

The lactose positive strains we isolated were antipenically
specific to their types, so it is most orobable that the locus con-
trol)inK the ratbopenicity is c3oselv linked to lac locus, although
we were still testing either the lac tositive property is episomal
origin or derived from mutation at lac loci.

Of 28 sucrose positive strins, 14 strains (501') showed positive
rahtological changes. Therefore, mutation in this fe:mentation does
not seem to affect the ability to induce chen~es in the loop.

No correlation was found betw.een anv of other bioche'nical
reactions nrd the ability of inlucinv chan.es ir the loop.

(2) Correlation of serolo-icAl. characteristics and
the patboloirical chan'zes.

As is seen in Table 2, sero'.vpe 11hich showed the hishest rate
of the changes was Flexneri 3a followoe by 2a, 4a, la, 2b and sonnei
I. Althou(gh Flexneri var. Y showed rather hith rate of change,
the degree of the change was weak compared to others and I think
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the ability of this eero-tvpe to induce changes are the weak one.
Sh. flexneri var. X showed no crhnge at all, though the number of the
strains tested were small. We isolated the opeque colcniea which have
weak type-specific antigens and more group antigens from the newly
isolated organises and compared for their ability to induce changes I
with that of the original strain. The opeque colonies showed a vert
few positive loops rthile the latter showed almost 100% positive
(Table 3). From this, it 7e-ms that the pathopenicity oL the organism I
directly associated with the type-E-ecific antigens, but, as we stated

before, the pathogenicitv of the organisms also associated with the
lac locuL, it is conceivable that the- locus controllino- the pathogen-

icity is located between the lac Iocus and the loci controllinT the
type-specific antigens.

We also sought for fhe srecific anttiens which directly ac-
sociated with the pathoponicitv by immunizing rabbits with the petho-
genic and non-pathogenic strains of the sate sero-tvpe and absorbing
the sara with each otl-er to see whether there is nny specific antibody.
But, so far, we could not finJ any specific antigen which exist only
in the pathogenic strains, by aF&4utination technique, and we will
continue to seek for the specific antigens by the use of available
immunochemical methods.

(3) Correlation of the ability to apglutinated by acid
and the patholooiual changes.

As is seen in TAble 4, amono 45 acid agglutination positive
strains 32 strains showed the positive changes in the loop, but also
among 45 acid asglutination negative strnins 25 showed positive changes.
And out of 57 positive loops, 32 were induced by strains agglutinated
by acid, and 25 were induced by strains non-agglutinable by acid.
Therefore, there is no direct association between acid agglutination
and the ability to induce chnnr~es in the loop.

As is seen in Table 5, when we isolated the colonieG which
were agFlutinated by acid very weakly and tested for their ability
to induce changes in the leop, these strains showed a verY weak or
no change, therefore, it looks like the ability to ap•luttnated by
acid is associated with the ability to induce changes, but we assume
that the difference in ability to induce chances is associated with
other changes than the chan"e in the ,oilitv to avglutinated by acid.

d. Summary and Discussion.

In the experiments to exasine the snecific characters of shigella
in conjunction with the ability to induce changes in the loop, we could
not find any definit evidence but we can conclude from our d" .a that
the loci controlling lactose fermentation are closely linked to the
loci controlling the virulence of th* organisms and the ability to
agplutinated by acid is not associated with the ability to induce
changes in the loop.

6



But in the corbe of oar study, we found several interesting facts.
The one is that there are orginisms in which their biochemical reaction
wae altered in one particular fermentation reaction and by that they
c .not be classified as a shliella, An3 yet they can induce changes
in the loop. This is quite important for a diagnostic point of view.
Usually lactose positive organis-s are not seek after as a ahigella
end yet, as in our case, shigella can be found amcng the lactose posi-
tive strains. Therefore, it will be a good excise to pick up lactose
positive colonies if patients showed the typical dysentery symptoms
and yet no lactose negative orgenisms could be isolated.

The second is that there is a decrease in the ratio of str ins
agglutinated by acid among the newly isolated strains# We do not know
whether there is any association with tVe increase in milder dysentery
cases cr increase in antibiotic resistant strains or not, but, so far
as we tested, there is no correlation between the ability of aggluti-
noted by acid and atibiotie resistance.

4, MUTATION OF ORGANISMS IN TPE LOOP.

Occasionally the sero-types of the organisms isolated from patients
are different at the beginninr and at the converescent stages of the
disease or are mixed from the biginning. Sometimes it is explained
as a mixed infection, and in other cases it is difficult to explain
by this mode.

It is well known that shigelle is capable of changing its antigens
in vitro in the presence of antibody, or by lysogenic conversion.
Therefore, it is possible that the similar change can take place in vivo.
Also shigella having an altered biochemical reaction can be isolated
from patients and we still do not know the cause of the change.

Our purpose is to exa'• 'e whether a mutation occurs in the loop
or not, and if mutants or *, anisms which have altered biochemical
and /or serological chartý.ý ra.stics were isolated, to examine the
ability of these mutants - ,.nduce changes in the loop and to investi-

gate the selection mechanism.

a. Method.

Shigella strains to be teŽsted was inoculated on nutrient agar
slant and cultured at 37C for 16 hours. Organisms were harvested n

brain heart infusion broth so as to the suspension contains 2-5xlO
organisms per milliliter. Half a milliliter (0.5 ml) of the susoension
was injected into washed and unwashed loops. After 24 hours of inject-

ion, fluid in a positive loop was drawn aseptically-- in case of a
negative loop, inside of the loop was washed with sterile saline --
and a serial dilution was made with sterile saline. One tenth (1/10)
ml each of the dilution was plated on 5S and BTB lactose agar plates
and incubated at 37C for IP hours. All of the lactose nejative



C colonies appeared on theplates were picked anl examined for their bio-
chemical and serological reactions. Ten (10) lactose positive colonies
were ai~o exanmine for their -maetions.

b. Result,

The numbers of the organisms recovered from the positive and the
negative loops are ahown in Table g,

As is seen in Table 6, t he numbgr of the o0anisms recovewed fromSthe positive loops were frog 2.' XlO t 9 3.*6xi0 and that of the nega-

tive loops were from l.OxlO to 8.5xi0 and there was not much differ-
once between the poaitive and neqative loops. But almost all of the
organisms isolated from the waihed loops wero the lactose negotive
with a few exception, while the orranisms isolated from the unwashed
loops were the mixture of both the lactose positive and negative
organis•s in various proportions, regardless of whether the loop showed
the pathological changes or not. Therefore, it suwtpests that whether
the patholo,ical chanze occirs or not is not merely controled by the
number of the organiams but other factors, such &s character of organ-
isms or resistance of hosts, play en important role.

All of the lactose nerative ormnnisfns were tested for their bio-
chemical and serological ractions. Unexpectedly about 60-701 of the
biochemically shigells organisms did not react with any of the known
shigella sera, even after prolonmed heating at 121C. Recovery rates
of those organisms are shown in Table 7. It is especially interesting
that t1're were two cases that we could not isolated the typical
shigelia at all.

We, therefore, examined the aQplutinin titer of the rabbits and
chequed if there was any correlation between the occurence of the
non-agglutinable shitrella and the presence of antibodies. But so far
there seems no relationship at all, that is, rabbits with no serum
antibody still excreate the non-ag'lutinable shiqella. Antibodies
present in fluid in the loop and their relation to non-agglutinable
strains is now under study. We will examine this phenomenon f'rther
in the continuinqr contract period.

Lactose positive organisms which were isolated from unwashed loops
were examined for their ciochemical as well as serological reactions.
There were many lactose positive organisms having a type-specific as
well as group antigens of shipelie. Some of them differ from shigella
only in their lactose fermentation end some of them had only a part
of shigella antigens. Most of the organisms having the partial antigens
of shigella are biochemically far apart from shixella and belong to
E. coli, proteus, klebsiella and other Enterobacteriacea. We tested
the ability of those lactose oositive organisms to induce changes in
the loop. Of 24 strains, which biochemical reaction was changed in
one or two fermentation reaction and serolowically identical with
shigella, 10 showed changes in the loop, while other strains which
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- biochemical end serologic'6l reaction was far apart from shigoella showed
no change at all.

Therefore, we think that the organisms which have type-specific
antigens and differ from shigella in one or two fermentation reaction
are derived from mutation of shigella or from the recombination of
shigella with other enteric organisms in the loop. But, because we
could not isolate the lactose positive shi~ella from the washed loops
we feel that the lactose positive variety of shigella are derived from
recombination of shigella with other residential organisms. Therefore,
we have concentrated our efforts to the study of interaction of shigella
and residential organisms.

5. INTERACTIO•? OV 3HI^1ZLLA rITT.! 'PE TTAL. ORGA'ISMx3.

In the case of dysentery epidemics, therp are always people who
do not fall ill even when they lischage many shigella organisms in
the stool, or are people who do not infected at all. In soie cases
immunity will play a role, but we cannot explain it only with immunity.
It is possible that the residential organisms interact with the itivad-
inT organisýAs and inhibit their proliferation, or chanve their abilitV
to cause disease.

In our early experiments it was shown that the unwashed loop has
lower rate of change occuring when compared with the washod loop and,
as we shown in the fore'-oing experiments, from unwashed loops we iso-
lated many lactose positive shigella or other enteric organisms having
a common antigen with shigella. These results suggest the possibility
of occuring the recombination in the loop.

Our purpose of the experiment is to examine the role of the resi-
dential organisms in a loop upon infection as well as a factor which
changes the character of invading organisms.

a. Method.

We isolateA E. coli from healthy rabbits, from positive and nega-
tive loops and tested for their ability to induce changes in the loop.
None of them induced change. Therefore, we introduced these strains
alon! with shigella which can induce changes in the loop. The loops
were examined after 24 hours whether any chanie occured or not.

We also used C. coli K-12 Ifr strain to see '.hetber any recombi-
nati.-n occurs in the loop or not, because we know this strain can
recombine with shiqella in vitro.

b. Results

Twenty three (23) strains of E. coli vere tested and only one
__ of them which was isolited from a positive loop prevented the changes

when intgoduced with 9h. flexneri 3a. In this case l.4x10 of shigella
and 3xlO of E. coli were introduced into the loop. The number of



the shigella recovered after 84 hours was 8x109 vnd that of the coni
role loop which received shirella alone was 9xlO and the control
loop showed the positive chantres. We repeated the rame experimant
severel times and had the ea-e results. Therefore, this particular
strain has some ability to prevent the induction of changes without
influencing the proliferation of the organisms. This E. celi is not
typable with known saera of B. coli, nor have colicinogenic activity,
and there is no particular characteristics which differentiaze this
strain from other E. celi, t$,refore, we still do not know why this
strain inhibited the induction of the chanres.

'Ne have tested the ability of shirelln orpaniesa isolated from
the same loop to induce changes in the loop. Those organisms did
not induce the changes at all, and we thought at first that the
organisms have boon .hanged their ability by E. coli, but the organý-
isms isolated from the control loops also lost the ability, therefore,
another explanation is neccessary for this phenomenon. We, therefore,
isolated the organisms at interval after the inoculation and tested
their ability to induce changes, and found that the losr of the ability
is due to mutation and selection, i.e., organisms isolated from the
loop at the early stage maintain their ability but the organisms
isolated from the latter stage lost their ability, even when the
organisms were isolated from a positive loop.

In contrast to the above, one of the E. coli which was isolated
from a negative loop and itself could not induce any change at all
has an ability to enhance the changes when it was introduced with
a strain of Sh. flexneri 3a which has a weaker ability to induce
changes. This E. coli too has no particular characteristics which
can be differentiated from ot'ier B. coli. We will investii•ate this
strain in the continueing contract Tperiod.

We also introduced E. coli K-12 Hfr strain with shigella and
examined whether any recombination takes place in the loop or not.
As are seen in the Table 8 , all tb- loops tested showed a weaker
changes compared with the one inoculated with shixella alone#

In case of Sh. flexneri 3a, no lactose negative colony was recovered
from the loop, but by the further examination it was found that those
lactose positive organisms were not a13 E. coli, but 7?04 of them
were lactose positive Sh. f]exneri 3a. In case of Sh. flexneri 2a,
no lactose positive organisms was recovered from two loops out of three
loops examined, but those lactose negative orginisms were not all
shigella but some of them were bioc)emicallv shigella without known
shigella antigens. From remeining one loop, lactose positive organ-
isra were isolated too, but in this case too, not all lactose positive

IP organisms were E. coli, but some of them were shi~ella with lactose
positive Droperty. In case of Sh. flexneri 2b and Sh. sonnei I,
lactose positive organisms were all E. coli, but there were many
lactose negative organisms which biochemical reaction was tfe typical
shigella yet did not agglutinated with any of the known shigella
antisera.iA



The mechanism of occurence of a lactose posi4ive shi'Tella and
occurence of a lactose negative shigella without shivella antigens
con be 'jWe,1A4md by the P-netie reea~bination, because these phenomna
take place in vitro, buf the rate of anpearing these organisms are
the rare event -- itro, therefore, we suspect that some kind of select-
ion mechanism i9-w8;R1`nr in the loop. Me will investigate the mecha-
nism in the future.

Shigella strains havinT the lactose positive property ond the shigella
without shigella antigens were tested for their ability to induce
changes in the loop, but none of them have the ability. Therefore,
we still do not know which of the properties -- lactose fermentation
and antigens--is associated with the ability to induce changes in
the loop. But the probable explanation will be that the loci coni.
trolling the lactose fermentation and antigens are closely linked
and the locus controlling the ability to induce changes in the loop( is located between them.

SUMMARY

1. Shigella having the abilitv to ferment lactose or sucrose can be
isolated from dvsenterv patients.

2. The lactose positive or sucrose positive shigella are capable of
inducing the patholovical chnnges in the loop.

3. The ability of agglutinated by acid in shigella is not associated with
the ability of inducing chanves in the loop.

14. Organisms having the ability to a~glutinqted by acid are decreasing
in number aynong the newly isolated shigella.

5. No correlation was found between the decrease in number of organisms
- having the ability to ag-'lutinated by acid and the increase in

antibiotic resistant mutants.

6. The number of organisms recovered from the positive and the negative
loops were almost the same.

7. Shigella isolated from early stages of loop and the organisms iso-
lated from later stages of the loop was differ in the ability to
induce the patholovrical changes.

8. Recombination of shigella with residential organisms does occur
in the loop, and lactose positive shiRella or shipella without
shigella antigens can be produced in the loop.

9. There were organisms which inhibited or enhanced the induction of
the patholo'rical changes in the loop without acting on the

C shigella organis-Ps.

t11
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C
Table, I1 .

The ability of lactose poeitive shigella
to Induce changes in the loop.

t . ...N . Days to Changes of

Strain No# ferment Sero-type the loop
lactose

4- 45 4 Flex. lb ...

,46 7

47 6

48 4

78 3 Flex. 2a

30 3

6±

141 4 Flex. var. Y -

1

C. 1



Table 2

.• ~The rate of induotion otga,,thological

chane s by ehigella eero-tMpe

Changes of the loop Raite of
Sero-type ... ++ + positive

loop

Flex. la 2 1 2/3 66

lb 1 2 6 3/9 33

2a 18 18 6 13 42/55 76

2b 5 1 5 5 11/16 69

3a 12 7 5 2 l4/26 92

4 11 1/2

var. X 1 0/1

vart Y 3 1 3/4 75

- Sonnei I 5 4 3 3 12/15 80

Total 43 30 25 33 103/138 75

14iv



Tsble 3

Comparison of the rate of induction
of pathological chenges between
op que and translucent colonies.

F

Rabbit No. Translucent Opaque
colony colony

GR 33 ++

36 ++++

37 *+- -

38 +++-

39 +++ I

60 ++ -

Rate of positive 6/6 3/6

r % positive 100 50

15
SI



Table 4

Correlation of the ability to

* sctu;aedd and the
induction of p~athological c•anes

Positive loop Ne.ative loop

Acid agglutination Acid agglutination
C Sero-type + - + -

Flex. 1& 2

lb 1 4

2a 14 17 7 7

2b 3 1 8

38 14 3 3

4 1 1

var. X 1

var. Y 1 2

Total 32 25 13 20

Ability to induce changes in the loop:

Strains agglutinated by acid ------ 32/45 = 71%

Strains not agglutinated by acid -- 25/45 = 56%

16



Ci

TAb1e 5

Comparison of the rate of induction of
patholowical chsno~es betweean orl-na
ard acid non-9milutinable mutant

Strain No. Original Acid
strain non-agg.lutinable

strain

(I� �54 ++ -

55 *+ +
58 ÷+
59 ... -

40 ++ -
62 ++* -
63 ++ -
64A +++
64c: ..+
65A +++

S5C ++ -
66A ++ -
66c . ++
70A ++ -

70C
71A
71C ++
72A +
72C +
73A +
730+ + ++

Rate of positive 19/21 2/21

% positive 90_ 9.5_6

Sero-type of the strains used are Flex. 3a.

1I
17



Table 6

Th nubro oa hiel~eoee

f royq~positive ar~d negative loops9

Positive loop Neg~ative loop

Sero- Rabbit Inoculum Nubr Sero- R~abbit Inoculum ?fsktabr
type No. size Sjiqeleg tyre N. sz shittella

recovered e No ie recovered

la, C27 3.0XIO08  6,7x109  lb 027 2.0X10 8  ?.0X109

to o .4x10 8  i.6xi09  it t l.P2x10 8  3.3x10 9

lb C28 2.0x10 8  l.5x10 9  to C28 l,,6x10 9  1*5XIl09

2a C29 l.0x108  2.3x10 10  t it 2.5x10 8  219X109

of 3.5x108  2.4x108  2.5x108  4.5x109

to 3.5x108  l.1x101  7.0x108  5.5x109

"C/ 30 2.0xl08  2.7xl09  it 029 4.oxio 8  6.5x10

11 15xl10 8  10 10 to I 1,5X10 8  2.5XI10 9

I it 5.0x10 8  l.3xl10 1 0  2b C39 4.0x10 8  5-0X10 8

1.5x1 8 6.3xl09  it c~o 2.5xl0 8  2.0x10 9

2.5x108  7.0x10 3.0x10 3-5x10 9

A6 b 039 2.5x10 2.0x109  3.5x10 50 X]0 8

to t 5o) 8  131 9  of l 1 9

2.#5x10 3.6x109  
" c41 3.0x108  3.5x109

4.5x10 8  5.0x109  3a if 40xO1O') 8.5x109

3.4x108  4.8x10 8  t o 2.5x10 5.0xl10 8

3& 045 4.xo 3. o 4. c47 4.5x10 l.0X10 j
it8 8 89" C46 3.OxlO 8.5xl0 var.X " 5.OxlO 1.0X10 9

of It 250 8  400 8  y 9
2-5lO .OxO Y1.

4xlo S 4.OxlO

3,0xl10 8  2.4xJ09  1.5x10 9  1.0XI108

o of 3.5xl10 8  2.0x109  0 o8 5.OxlO' 2.3xl09

18



C
Table 7

Rate of appearance of ahi~ella
having no known shigelle antigens

Rate of
Change Number Number shigella-

Rabbit Sero Strain InoOulum kac÷ ithout-
No. type No. size loop organies organism shigell.

- antigens

2?a IA 39 3.0x108  .+. 6.7xO 9  102 1/3

27b " 40 2"5xlO8  +++ 1.6xlO9  50 1/6

29c 2a 51 1i0x10 8  +++ 106 1,02 1/2

30b 55 1.5xlo8 ++÷ 001 103 2/3

300 " 56 5.5x108  a . i3xIOI0 10 1/3

39d 2b 102 4 .5xl0 8 ... 5.0xIO9 103 1/3
43e 3a, 121 3.5xI0 8 ++ 2,I109 10 2/5

430 it 123 ?.0OxlO 8 + 5.0xlO 8 103 1/4

28d Ib 48 7.5xlO - 5..5x09 104 3/3

Rate of appearance oo shipella having no known antigens

ina) positive loops 9/24

b) negative loops 1/9

19
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